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B. P. I—376.

RECENT STUDIES OF THE OLIVE-TUBERCLE

ORGANISM.
By Erwin F. Smith, Pathologist in Charge of the Laboratory of Plant Pathology.

INTRODUCTION.

In recent years the olive orchards of California have suffered con-

siderably from swellings on the branches, known as olive tubercles

and attributed to bacteria. This disease was first described in Italy,

at least in modem times, albeit imperfectly as regards its cause. It

has been known since Roman days.

DEPARTMENT EXPERIMENTS.

A desire to learn the natural methods of infection and the exact

biology of the organism in the hope that this might bring to light

some method of coping with the disease led the writer, in 1903, to

begin a systematic study of the olive tubercle, which has continued to

date, material being obtained from California and subsecpiently from

Italy. Mr. James Birch Rorer was associated with the writer in the

earlier work.

The right organism was plated out of the tumors without difficidty

and determined to be a schizomycete. Numerous inoculations by
needle puncture \v*ere made on sound olive trees in one of the hot-

houses of the Department of Agriculture with verj' satisfactory

results. During this study it was learned that a yellow schizomycete,

perhaps more than one, quite frequently accompanies or follows the

parasite, and that occasionally nonpathogenic white bacteria also

occur in the tumors. These yellow and wliite organisms were de-

ti'rmincd to be nonpathogenic by needle-puncture inoculations. All

of the inoculations were made on young growing shoots of the olive.

No fungi were found in the tubercles used for the poured-plate isola-

tions, but subsequently fungi were found in some of the old tumors.
During this year (1903) tumors were produced on about oO olive

plants by pure-culture inoculations (on every one inoculated), and
with pure cultures plated therefrom a second croj) of knots was pro-
duced, thus complying with Koch’s rules of jiroof. Many control
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2(i STUDIES OF THE OLIVE-TUBERPLE ORGANISM.

punctures on the same plants healed promptly. During the entire

seven months only one accidental infection occurred, and this one
couUl be accounted for satisfactorily, i. e., it appeared lower down on a

branch already inoculated and forming a tumor. Such being the

results, no reasonable doubt remained as to the possibility of produc-

ing the tumor with pure cultures of bacteria, nor from our studies was
there any doubt as to the particular organism involve*!. Our e.xperi-

ments fully confirmed Savastano’s statements respecting the bacterial

origin of the tumor, but the parasite was white, not yellow as stated in

literature. These facts were set forth in December, 1903, in an

address before the Society for Plant Moqihologj' and Physiology,

illustrated by stereopticon and by inoculate*! plants, an abstract of

the .same being published in Science.

During the four years which have elapse*! since this preliminary

note, many u*l*litional successful in*)culati*)ns have been made (the

t*)tal number *)f in*>culations now e.\cee*ling 500), and occasional acci-

*lental infections have also ajipeare*! on the exjierimental olives, all of

the ])lants being in *»ne place from the start. These latter, however,

have been c*)inparatively few an*l in no way c*mfusing. xVbout 150

olive plants of several varieties were use*l for these e.xperiments.

They were ro*>te*l cuttings fr*)in s*)un*l plants which had been grown in

one of the hothouses of the Dejiart ment of Agriculture for many years.

OTHER RESEARCHES.

About the same time as the writer, Ruggero SchifT, subsequently

known as SchifMliorgini, liegan experimenting on the olive tubercle in

Italy, llis first paper was jmblished in German in 1904. This was

f*)ll*nve*l in 1905 by a secoml ]>aper in German ami by a longer paper in

Italian, wherein he furnishe*! a*lditional evidence of the same charac-

ter as that given in his first paper. D*)ctor Schiff claimed to have

*)btaine*l successful infections with a schizomycete totally different

fmm that isolate*! in our laboratory'. He also stated that cultures of

the Bacillus oleae are flocculate*! or agglutinated by juice from tuber-

cles, but not by juice from soun*l parts of the plant. Fortunately, ho

*lescribe*l his organism so carefully that no *loubt remains as to exact ly

what he meant by it.

In 1905 the writer called attention to the *liscrepancy between his

own ami Schiff’s stmlies, stating some of the j)*)ints of *lisagreement,

an*l venturing the statement that no olive knots could be produced

with jnire cultures of Schiff’s organism.

About this time Dr. Ame*leo Berlese, an Italian, became intereste*! in

kn*)ts *>n *)live trees; *listinguishe*l, incorrect ly itwouhl seem, two dis-

tinct forms *)f tulx’rcle; an*l cultivate*! from the or*l inary form a yellow

*)rganism, inclined to orange, supj)osc*l by him to be Bacillus uleos
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STUDIES OF THE OLIVE-TUBERCLE ORGANISM. 27

(Arc.) Trevisan, and from the other form a white organism said by-

Petri to be Schiff’s bacillus.

Moreover, in 1905, Peglion, in Italy, described a tubercle from the

oleander, noted its anatomical resemblance to the olive tubercle,

isolated a schizomycete therefrom, with characters like Bacillus

oleae (Arc.), and made inoculations, but did not wait for results before

publishing. This organism, isolated by Peglion, is unlike the olive-

tubercle organism, and in Doctor Petri’s experiments and our own, a

culture of it having been given me by Doctor Petri, also proved non-

pathogenic to the oleander.

In 1906 Clayton O. Smith, of California, also described the oleander

tubercle, cultivated a schizomycete therefrom, secured inculations on

oleander and olive, and definitely identified the organism as Bacillus

oleae (Arc.) Trevisan, the growth of this organism on potato being

described as spreading, raised, and always straw colored. Peglion’s

work is not mentioned.

One of Doctor Schiff’s colleagues. Dr. Lionelle Petri, assistant to

Doctor Cuboni in Rome, took up the subject in 1905, by this time a

rather confused one. After experimenting for a period of two years

he published a paper in German in 1907, in which he states that both

SchilT-Giorgini and Berlese are wrong, the only infectious organism of

the three studied by him being that isolated and described by Smith
in 1905. The Bacillus oleae (Arc.) Trevisan is a mixture. On agar

both elements of this mixture may’ remain alive for some time, or one

may destroy’ the other.

INOCULATIONS WITH SCHIFF S BACILLUS.

Mv note of 1905 in the Centralblatt did not cover all mv knowledge
of the olive tubercle. I included in this note only enough to show that

Schifl-Giorgini and my’self were experimenting with entirely’ different

organisms and that probably’ both of us could not be right. I had
not then experimented with his organism, but I assumed that Schiff

was wrong because we had produced fine examples of the olive tumor
repeatedly (50 of them in 190.3 and a great many since) with my
organism, while he passed over the etiology of his organism with a
few inconclusive remarks, to wit:

It Ls unnecessary to dwell on the pathogenicity of B. oleae; it has already been
demonstrated by others, as I said above in .speaking of the work already extant on this
subject. In addition I will say that I have repeatedly caused the tuberculosis in
healthy olive plants, using pure cultures of B. oleae in glycerinsted broth.

This is all Schiff has to say’ on inoculation experiments in his paper
of 28 quarto pages. In the earlier German papers he barelv mentions
the subject. I did not consider Berlese’s note of any’ importance,
becau.se. he did not confirm his statements by successful inoculations.
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28 STUDIKS OF THE OLI VE-TUBERCI.E ORGANISM.

At the time of my note to the Centralhlatt in 1905, I had not seen
Schifr-Giorgini’s organism, but I ol)laine(l it toward the end of 1905
from Krid, who had it from Kornaiith, and made inoculations witli

it on olive shoots in 1905 and 1906.

All of these inoculations failed, although they were several times

repeated, for the most pjirt on young, actively growing shoots, using

young cultures and inoculating very copiously with needle pricks on
varieties of olives very sensitive to the knot. Altogether about .50

inoculations in three series (including 500 or more punctures) were

made with this organism at considerable intervals during a period of *

about two years, using slant-agar for the first lot, potato cultures for G
the second, and slant-agar for the third. Xot a single tumor devel-

{

oj)ed. In one or two ca.ses only there was a slight swelling in the j:

pricked area such as check punctures sometimes give, hut none of

these developed into knots, and they were only slight cicatrization

elevations. Bacteria were pre.sent at theeml-of a year in some of

the.se punctures, as iletermined by a microscopic examination of sec-

tions. Bo.ssihly these slight wound reactions are what Schilf-Gior-

gini identified as tubercles, for he states that he obtained the ilisease

with ‘‘pure cultures” of his organism repeatedly (ripetutamente)

;

or it may he that his inoculation experiments were made with mixed

cultures (they were Iluid cultures at any rate); or, llnalh', it may he

that they were imule on limbs t)f olives alreaily infected with the

tubercle organism and ready to develop tumors. Tubercles on olive

trc'cs l)»>ing more easily ohser\'ahle, if they had been j)resent, than

mixtures of bacteria in his fluid cultures, the second supposition is

probably the correct one, since SchilT .says that the olive trees u.sed

were sound ones and that the inoculations were from “glycerinatecl

broth.” My twelve olive plants were under examination for many
months, and in some instances, especially in the final inoculations, a|

much greater amount of SchifTs organism was inserted than it has
j

ever been my custom to u.se in the case of the true tumor-producing|-

organism. '

I can therefore confirm Doctor Petri’s statement respecting thisj

organism, my own inoculation experiments being perfecth* in accord*

with his. The Schiff-Giorgini organism, which has various well-,

marked characteristics anti is not likely to be mistaken for any other

organism peculiar to the olive tree, is not the cause of the olive

tubercle, and StdiifTs conclusions, therefore, as to immunity, resist-

ance, agglutination; etc., can not be accepted.

There can be no doubt, I think, that I had SchifT-Giorgini’s organ-

ism, since, except in some slight details likely to vary from culture to

culture and ]>erson to person, it corresponded perfectly with his o'vn

very full description, as 1 took care to liiul out before making many

i
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STUDIES OF THE OLIVE-TUBERCLE ORGANISM. 29

inoculations. Kn\l wrote to Schiff for it, who said he did not have it

any longer, but perhaps Professor Kornauth would still have it, as

proved to be the case.

AGGLUTINATION TEST.

The writer repeated the agglutination test described by Schiff,

using young bouillon cultures of the right organism and the juice of

a fresh large knot mixed with barely sufficient water to enable one to

filter it satisfactorily through a Chamberland bougie. The peptone

was throvm out- of solution by this fluid, but the bacteria continued

separate and motile; they were not in any way clumped by one or

two hours exposure or even hy exposure over night, nor when one

part of the bacterial fluid was put into as much as ten parts of the

juice and examined in a hanging drop. Moreover, even if Schiff had

had the right organism, twenty to forty hours is altogether too long

to wait for an agglutination.

SAPROPHYTIC BACTERIA IN TUBERCLES.

I find it difficult to believe that Schifl’-Giorgini’s organism occurs

in all natural olive knots or that there is any symbiotic relatiomship.

As already stated, saprophytic bacteria frequently occur in olive

tubercles, and Doctor Petri touches on the ])ossibility of .symbiosis,

without, however, committing liimself to it. My original belief was

that Schiff must have obtained his organism from the surface of an

imperfectly sterilized potato culture or from the .surface of the olive

tubercle, but from Doctor Petri’s observations we must now conclude

that it occurs in the interior of some of the tuhercles. The yellow

orsianisms called Ascobactenum luteian bv Doctor Petri mav occur in

all old knots, since we may assume them to be common on the siirface

of olive trees, just as certain nonpathogenic forms are common on the

skin of animals, but they are not by any means always in young knots.

In certain poured plates where I found yellow bacteria in conjunction

with the right organism I had good reason to think the surface of the

tubercle had been insufficiently sterilized (thirty seconds). Neither

Schiff’s organism nor the yellow form isolated by Berlese is necessary
for the production of the tubercle, as Doctor Petri has also shown.
In Petri-dish poured plates made from olive tubercles collected in

autumn and whiter, or in early sjiring before new growth has com-
menced, probably also in late summer, one might expect to find

various intruding bacteria, also fungi. I have found the bacteria
very frequently, especially the yellow ones. Schiff’s organism I have
not, so far, found in the tubercles. In two instances I have obtained
only the nonpathogenic yellow organisms from olive tubercles, but
these were at least O or S months old, and iierhaps older—too old
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30 STUDIES OF THE OLIVE-TUBERCLE ORGANISM.

anyway. One lot came from Xa])les and the other from Tunis.
Schiff's mistake arose from tlie belief that anything found in the
tubercle must necessarily he the cause of it. That he did not dis-

cover and correct liis mistake later on is due to the fact that his

inoculations were not ])ro])erly controlled.

NOMENCLATURE OF THE OLIVE-TUBERCLE ORGANISM.

The nomenclatorial vicissitmles in connection with the olive-

tubercle organism may he stated as follows:

1SS6. Bacterium ohae Arcangeli: Bacteria seen in cavities in the

tubercles and name given without measurements or any description,

except the statement that they resembled Bact. iermo. The cavities

also contained mycelium and spores. Xo bacteriological studies

were made. Statement hazarde<l that the bacteria had nothing to do

with the jiroduction of the tubercles which arise in wounds. The
tubercles were described (piite carefully ami attributed to physio-

logical disturbances favored by special predisposition.

ISSh. Bacillus oleae iuherculosis Savastano: Stmlies begun in 1886;

tubercles produced in 1SS7 and again in 188!) with cultures of bacteria

obtained from the knots. Organism deseribeil as a motile short rod,

which is whitish or yellow on culture media and sometimes liipiefies

gelatin, while at other times it does not.

1880. Barillas Prillieuxlaiius 'I'revisan: A name based on Pril-

lieux’s account of the di.sea.se and given without study or proper

tlescription.

1889. Bacillus ohae (.Vrc.) Trevisan: A simple transfer to another

genus, 'riie de.scription is borrowed (curtailed) from Savastano. B.

Ih'illiemxiatnts is placecl under it as a synonym; also B. oleae tuber-

culosis.

1904-1005. Bacillus oleae, the cause of olive tubercle, stated by

SchilT-Cdorgini to be a white to ilirty yellow, polymor])hic, peri-

trichiate bacillus, jwoducing spores very readily, forming long chains

and tangled threatls suggestive of the anthra.x organism, producing a

])rompt ])ellicle on bouillon, liquefying gelatin, coagulating milk,

growing readily at 37° C., withstanding a temperature of 102° C., etc.

1905. The olive-tubercle organism stated by Erwin F. Smith to he

A white, nonsporiferous, nonlicpiefying organism, consisting of short

rods, motile by means of polar llagella, unable to grow at 37° C.,

killed by a temperature of 50° C., incapable of coagulating milk, etc.

Yellow and white nonpathogenic bacteria stated to occur in the

tubercles.

1907. Bacillus oleae (Arc.) TrevLsan, stated by Petri to be a “Sam-

melname,” which splits up on study into Bacillus oleae cr (Smith), the

li.

4
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STUDIES OF THE OLIVE-TUBERCLE ORGANISM. 31

true parasite; Bacillus oleae (i (Schifl-Giorgini), a nonpathogenic

organism; and Bacillus oleae y, which in Berlese’s cultures is Asco-

hactenum luteum, a nonpathogenic, liquefying peritrichiate form, and

in Savastano’s cultures is .4. hUeum, mixed with Smith’s organism, an

assumption believed to be required by the fact that Savastano

describes Ids organism as sometimes liquefying gelatin and as 3’ellow

on some media and yet obtained tubercles on making inoculations.

Such being the situation, by what name shall the olive-tubercle

organism be knowm?

The earliest name, Arcangeli’s, is practically a nomen nudum,

since the description accompanying it does not presuppose patho-

genicity nor enable anyone to determine what organism was intended.

Arcangeli’s entire description is as follows

:

But I constantly found between the irregular cavities placed more or less deeply

(whose walls were oftentimes more or less chestnut colored and changed) colonies of a

bacterial form like Bacterium termo, which I shall call Bacterium oleae, together with

mycelial filaments, possibly of a Cladosporium, and spores ol fungi.

Savastano was the first man to isolate bacteria from the olive

tubercle and to secure infections. His name is the next earliest, but

it is a trinonual, and a part of his description is drawn from nuxed

cultures. The organism does not liqueh* gelatin and is not yellow.

TreAdsan’s names are inadmissible because he merely copied earlier

vague statements and no one can tell from his descriptions what or-

ganism was intended. This is shown ailmirably by the veiy diverse

interpretations which have followed, e. g., Berlese’s and Schiff’s.

Indeed, the subject is in such confusion that in recent years no less

than four distinct organisms have been considered to be Bacillus oleae

by different writers. .

After carefid consideration, to avoid further confusion, the writer

has decided to give an entirely new name to the organism isolated

by himself, and, in order that Savastano may not fail of due honor,

he has decided upon the name Bacteriuirt^Savastanoi, with the follow-

ing characterization

:

DESCRIPTION OF THE OLIVE-TUBERCLE ORGANISM.

Bacienum Savastanoi (novL nom., nov. descript.)

Synonym (]>ro jiarte) : Bacillus oleae tuberculosis Savastano.

Names of iloubtful import, to be rejected: Bacterium oleae Arc.;
Bacillus Prillieuxianus Trev.; Bacillus oleae (Arc.) Trev.

Latin diagnosis.—Baculis cylindricis apicibus rotundatis, longitu-
dine variantibus, solitariis vel in filamentis brevibus dispositis; baculis
unis saepe 1.2-.3 X 0.4-O.S y; se moventibus, aerol)iis, asporis.
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32 STUDIES OF THE OLIVE-TUBERCLE ORGANISM.

Hah.: In tumorilms Olcae ciiropeae. Coloniae in gelatina tenues,

albae, niarginibus inaeiiuales, nonliquefaeientes. Coloniae in ajjar-

apar alliae, rotundae, nitentes, evolventes lente (in extremo die sep-

timo 2-5 nun. latae). Culturae in tul)eribus Solani prime alliae, dein

pallidae fulvae-albae sunt. Lac sterile alealinum fit et casein non-

segregatur. Bacidi metbodo Gram noncolorantiu*- Nitmm non-

redigitur. Acidum in mediis cum saccharo uvae celeriter fit. Si cul-

turae novae in infusione carnis } horam in temperatura 50° C. tenen- .

tur, moriuntur. Inter tcmperaturam 35° C. et temperaturam 1° C.

crescit. Inoculatum in Oleas sanas, tumores jirojirios producit.

A white, nonliijueh'ing scbizomycete, causing olive tubercle. This

organism is found in the olive tubercle and in many culture media as a

short rod with rounded ends, either single or in jiairs, growing end to

end, or in small clumps,more rarelyinshort chains; the rodstaken from

the interior of an unruptured tubercle measured 1.5 to 3 X 0.6 to O.S/i

when stained by carhol-fuchsin and washed in water; the rods from

3'oung agar cultures staineil with carhol-fuchsin usually measure

about 1.2 to 1.5 X 0.5 /<; rods from 3 days’ old colonies on agar

mea.sured 1.2 to 2 X 0.4 // when stained h}' a modified Gram, i. e.,

washed in anivl alcohol, and cleared in xvlol; more rareh' they' are

10 /I or more in length; in bouillon ke]>t fi)r three days at 30° C. the

thinh' clouded fluid examined in hanging drops contamed numerous

actively motile rods five to twentv-five times as long as broad, some

of the long rods ]>lainlv con.stricted in the middle, others not, the long

ones flexuous;“ the organi.sm is motile b}* means of one to several

polar flagella, often 2 to 4 (Pitlield’s flagella stain), the rods so

stained being 2 to 5 X 0.6 to O.S //.

Young motile agar cultures stain readily with carhol-fuchsin, but

noth}' Gram; the organism is aerobic and verA' .sensit ive to heat; the

growth is white in various culture media (bouillon, ])c])tone water,

milk, standard agar, sugar agars, gelatin (especiallA' at bottom of

.slant), silicate jelh*, starch jelh', Cohn’s .solution, Fermi’s solution,

U.schin.sky’s solution); on -M5 nutrient agar in poured ])lates made

from bouillon and incubated at 20° C. or 25° C., the surface colonies

are .small, circular, smooth, glistening (internal structure reticular),

rather slow growmg, appearing at the end of the second and third ihn's

and best ol)served after three to four daj's, becoming denser ami

whiter with age;* the intruders usualh' come uji first in jilates made

“ In a repetition maile in 1908 the s;une re.“!iilt was obtained; Tlie longest single rods

were 3//; the chains varied from G to 40//; some of the chains were actively motile-

6 In -flo standard nutrient agar in Petri-dish poured plates made recently and ke])t

at 22° to 23° C. the surface colonies in thin-sown plates were pure white, rather slow

growing (1.5 to 3 nun. at the end of the third day), round, flat, surface smooth, glisten-

ing, edge entire or nearly so, internal structure under the compound microsco])0

amorphous to finely granular; l)uried colonies rpiite small. -\t the end of seven dal's
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STUDIES OF THE OLIVE-TUBERCLE ORGANISM. 33

from the tubercles, and often the right colonies are then best observed

after four to six days; bouillon is tliinly clouded, and there is fmally a

small amount of wliite precipitate—in four days at 20° C., no rim,

pellicle, or flocculence; on peptone water a white pellicle after some

the surface colonies were 2 to 5 mm. in diameter and more or less viscid, the slime

sometimes stringing up 1 cm., the margin was undulate and there was often a ring. In

another set of agar plates made some days later and studied with equal care, the sur-

face colonies were 0.7 to 1.3 mm. in diameter after, fo-ty-eight hours at 23° C. The

margin was entire. The surface was wet-shining and smooth. The internal structure

under the hand lens was reticular. Under the compound microscope it was amorphous

to finely granular. The buried colonies were small biconvex. .\t the end of seven

days the surface colonies were white, circular, ringed or not. The surface was smooth

and wet; the internal reticulations were still visible under the hand lens. Under

the 16 mm. and 12 ocular the colonies were finely granular.

In -f-10 gelatin poured plates made at the same time, the surface colonies were

1.5 to 2.5 mm. in diameter at the end of four days at 21° C. They were white, slow-

growing, round, flat, with undulate, erose. paler white margins, and fine internal

strise. There, was no liquefaction. After some weeks the margins were decidedly

On gelatin the marginal growth is quite characteristic and distinct from the body
of the growth, both in colonies and in streaks. The edges of the streaks and colonies

are often more or less lobate or incused. Savastano ob-served this and likened the

appearance to that of a leaf. Whenever the slime runs down from the streak it is

seen to be white, but often the growth on gelatin is so thin that the yellow color of the

gelatin shows through and might thus lead to confusion.

Often after some days a brownish stain is produced on potato and in the fluid and
this modifies the color of the bacterial growth, liut it can scarcely be called yellow;

perhaps tawny or tawny-white comes nearest to describing it. A similar color occurred
in the older zoogloea^ forming the rim of two flask cultures containing river water,

calcium carbonate, Witte’s peptone, and grape sugar.

In undisturlied test-tube cultures in water containing 2 per cent Witte’s peptone, a
thin white surface membrane forms after some days (five or six) and falls readily as a
unit, being broken up only by rather vigorous shaking.

Two water solutionsof copper sulphate were prepared, i. e., 1:100.000 and 1 : 500,000.
One-half cubic centimeter of a young, thinly clouded Ijouillon culture was pipetted
into 10 c. c. of each one of these two coppered waters. Checks were held by pipetting
one-half cubic centimeter of the same bouillon culture into each of two tubes con-
taining 10 c. c. of pure water. Petri-dish poured plates were made with carefully
measured quantities of the fluid at the end of one-half hour, one hour, two hours, and
twenty-four hours. Check plates from the pure water dilutions were also made at
the end of two hours and twenty-four hours. In all 36 plates were poured (three of
each coppered water at each date and 12 check plates). Result: No distinct reduc-
tion in colonies by one-half hour, one hour, or two hours exposure; marked reduction
after exijosure for twenty-four hours. In the 1 : 100.000 solution four-fifths of the
haci(-ria were destroyed. There was also a similar marked reduction in the weaker
solution of 1:.500,000. The colonies on the plates made from the coppered waters
came up a day sooner than those on the check plates, the growth of those bacteria

,
that survived being stimulated. By using a young bouillon culture rather than

. wa.shings from an agar streak it was believed that the advantage would be in favor of
the bacteria, since we may suirposo some part of the copper would be rendered inert

I by the organic matter of the bouillon.

lobed.
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34 STUDIES OF THE ( ILIVE-TUBEKCLE ORGANISM.

days; it l)lues litmus milk, the nuid, which is lavender or lilac on the

start, hecomin;]: gradually a deep blue; it tloes not form acids in milk
and does not coagidate milk hy a lah ferment

;
it grows readily in

Cohn’s solution and for a long time, jiroducing an abundance of crv.s-

tals of ammonium magnesium ])hosphate, no difficulty being e.xperi-

enced in obtaining enough for a chemical analysis from small flask

cultures; in old gelatin streaks and in old gelatin stab cultures there H
was a thin white surface layer, hut no trace of liciuefaction, growth
along the line of the stabs was not well develojied; in gelatin streaks

and gelatin colonies there is an irregular undulatory lohed or incised

margin; organism non.sporiferous, nonlitiuefving, nongas forming;
'

growth on cooked jiotato at the end of two days was smooth, white,

wet-shining, distinct, hut ii(»t ver}' copious, cylinder slightly grayed

and fluid at the bottom moderately cloudy, the growth at first on >

])otato being not unlike the ]mre white growth of Bacillus- irachei-

pliilus, evi'ii in old cultures the growth is never a decideil yellow (see

footnote); jiotato cultures eighteen days old gave a deep puqdish
;

blue reaction when mashed in iodin water, the checks giving a bright
|

blue color, i. e., the organism acts hut slightly on jiotato starch;

action on olive starch unknown; it does not reduce nitrates in pep-

tonized beef bouillon; it will not grow in beef bouillon at 38.5° C.,

and is killed in + 15 standard beef bouillon by e.xpo.sure in the water

hath, in test tubes, for ten minutes at 50°
;
streak cultures on

litmus agar's containing filtered river water and Witte’s jieptone, hut
.

free from beef juice, behave as follows;

Plain litmus agar .
—This becomes blue and remains .so (forty days),

growth moderate.
|

Litmus dextrose agar.—This reddens jmnnptly (twenty-four hours,
\

at 27° ('.) and decidedly, and remains acid indefinitely (color bright

reil—not purjile), growth slight. *.

Litmus galactose agar.—This reddens ])romptly*and decidedly and
;

remains acid (forty days); same reaction as with litmus dextrose agar,

growth moderate.

Litmus saccharose agar.—This remains neutral or nearly so for some

days, finally, however, becoming jnirplish and then jnirple-red; growth

stimulated, i. e., a much greater volume of bacterial slime than on the

other agars and the litmus reduced in the bottom of the tube after

some days.

Litmus lactose agar.—This blues; growth not more than on the

plain litmus agar; no acid was formed (thirty days).

Litmus maltose agar.—This blues, growth moderate; no acid was

formed (thirty da3”s), and there was no reduction.

Litmus mannit agar.— This blues, growth moderate, after ten da.ys

litmus purplish, never red.
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Litmus glycerin agror.—This remains neutral or nearly so, i. e., in

nine days only a trace of purpling and no marked increase of red in

next twenty days, good growth.

The most striking reaction is the prompt complete reddening of

the litmus in the presence of dextrose or galavtose and its persistency.

A slight indol reaction (pink color) was obtained with sodium

nitrite and sulphuric acid both in peptone water and in Uschinsky’s

solution with peptone, but it was less than half as deep as that

obtained with Bacillus coli and it did not form as promptly;® the

organism has lived in agar in the ice box upward of four months; it

grows in 4-15 bouillon at 1° C. and would probably cloud the fluid

at 0° C.; 60 to 90 per cent of the rods were killed by freezing (liquid

air)
;

it clouds bouillon over chloroform.

In flask cultures in river water containing 2 per cent "Witte’s pep-

tone and 2 per cent dextrose, there was very copious growth, but

most of the bacteria were dead at the end of six weeks, probably

because there was a decided acid reaction, in spite of the presence of

a small amount of calcium carbonate. The fluid bore floating islands,

but no continuous pellicle. Free oxygen is necessary for the pro-

duction of this acid, i. e., in fermentation tubes containing filtered

river water, Witte’s jieptone, and dextrose or galactose, the clouding,

which was prompt and copious, was confined to the bulb and the outer

three-fourths of the U, with a sharp line of demarcation where the

bacterial growth ceased. Six tubes were inoculated, three of each

sugar, and all behaved alike. There was not a trace of clouding in

the closed end up to the end of the sixth day, when the experiment

was broken off. The organisms from California and Italy behaved
alike. The mixed fluid from the open end of the three bulbs contain-

ing grape sugar was acid to litmus paper and titrated -i-41 on Fuller’s

scale, using phenolphthalein and sodium hydrate; that from the

closed end was neutral to litmus and titrated -f 20 with phenolph-
thalein and sodium hydrate. The mixed fluid from the three bulbs
containing galactose titrated -1-30; that from the closed end -|-20.

There was no loss of aciility on boiling thirty minutes.
The organism is sensitive to sunlight. In tliin sowings in six

Petri-dish poured plates in 4- 15 standard agar, exposed on ice, bottom
u|), to bright sunlight. for tliirty minutes m April, the covered one-
half of each plate prom})tly developed from 100 to 150 colonies; the
exjiosed one-half of each plate, on the contrary, remained entirely
free from colonies (eight days). The temperature did not exceed 18°C.

It appears to be sensitive to acids. The organism is sensitive to
copper sulphate (see footnote).

“ This was rei)cated in 1!K)8 in peptone water with what appeared to be a negative
result, but on staniling some days tlie fluid in the culture tulies became pink, while
that in the check tubes did not. These cultures were ten days old.
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When inserted liy neetlle punctures into young growing leaves or

slioots of the olive, it causes the characteristic galls known in Italy .

as rogna or tuberculosis of -the olive, and in California as olive-knot,

tumor, or tubercle. In my inoculation experiments it has requireci

three to four months for the tubercle to become full grown, and nine

to fifteen da}"s for the appearance of elevations on the stem of unmis- S
takable tuberculous character. Earlier than this it has not been Q,

possible macroscopically to detect the incipient tubercles with any h-

certainty. Inoculations are most successful when made on the tips !

of undeveloped shoots in active growth. It is impossible or dilficult I

to induce the formation of tumors on slow-growing or dormant
tissues. The organism is most eiisily recovered in jiure culture by
making [)oured jdates from the interior of young knots which have
not developed fissures, the surface being fh-st sterilized for five minutes

in 1:1,000 mercuric chlorid water. The organism does not lose its

virulence readily by continued culture in the laboratory, but I have

.seen some indications of such loss. i. e., slow development of tumors

and a larger proportion of failures.

The di.sea.se occurs in Italy, France, Spain, Algeria, Tunis, California,

etc., injuring the olive and sometimes destroying it. The organism

enters the plant, so far as yet known, exclusively through wounds,

and .sets uj> an extensive hyperplasia involving various tissues. I

failed to obtain the disea.se by spraying a water siisjumsion of a young

virulent culturt* upon an actividy growing olive shoot, kept in moist

air under a bell jar. Moisture in tiny drops persisted on the leaves
|

and stem for a good many hours, but no tubercles resulted (only one

(‘xperimenl, however). The bacteria occur at first between the cells

and in small irregular closed pockets, but as the tubercle grows it I

splits open, foreign organisms appear, and decay .sets in. ^^etastasis •j

occurs, i. e., there are two di.stinct types of tubercles, primary andjl

secondary, the former due to external infection and beginning in
j

cortex, tile latter due to internal infection and beginning deep in the}
^

tissues at the junction of wood ami pith.
^ j

METASTATIC TUBERCLES. •
’

it
Metastasis was discovered by Schifl-Giorgini. This was obser%*ed.

and studied by him on natural infections. Recently the writer has

also observed it in 10 secondary tumors on shoots and leaves of the

ft) inoculated jdants referred to below as checks on the oleander

inoculations. On one of the leaves the outbreak of the metastatic

tubercle, which was watched from its incipiency and before it rup-

tured the epidermis, appeared on the midrib 4 cm. above the point

of inoculation, which was on the stem. On one of the shoots it

ap|ieared at a distance of 7 cm. above the primary tubercle. These
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secondary tumors are not due to the migration of host cells, but are

the result of migrations of the bacteria, which set up local irritations

where the secondary" tumor arises. The bacteria make their way
from the point of inoculation by way of the vascular system. They

are easily observed in some portion of the vascular system, usually

a very small portion of it, at points an^’where between the primary

and the secondarA' tubercle. In the cases I have studied they were

confined to small canals in the inner wooil next the pith, these canals

being due to the disorganization of a group of vessels. The bacteria

were abundant and the walls of the canal were stained yellow and

hrown. The giving way of the woody structure and the flooding

out of the bacteria into softer tissues is apparently what determines

the apjiearance of a secondary tubercle at any particular spot. By
splitting the stem lengthwise in the jiroper ])lace one can trace the

canal of infection leading from the ])rimary tumor to the secondary

one as a small stained line at the inner border of the wood, ea.sily

visible to the naked eye. Sometimes the bacteria are numerous
enough in the canal to form a slight ooze on cross .section.

THE INOCULATION OF OTHER PLANTS.

This organism ap|)arently is not infectious to \erhtm oleander.

Only six oleander ])lants were tried, but these very thoroughly, i. e.,

IS sets of punctures on as many young actively growing shoots,

using agar streaks forty-eight hours old ami inoculating A’ery thor-
oughly, a total of about lot) needle jiunctures lieing made. These
j)hints were under observation for five months. No tumors devel-
oped. Sixteen oliA’e shoots were held as checks on the.se oleanders
and developed 16 groups of tubercles corresponding to the points of
inoculation, and also subsequently metastatic tubercles, as above
mentioned. At jn-esent, therefore, T am unable to explain the
counterstatements of Clayton O. Smith. The oleander tubercle
seems to me to be due to Bacterium tnmefaciens Smith and Townsend.

Apparently the organism is not infectious to Chn/santhemian
fruiescens, i. e., at the same time that the oleanders and olives above
referred to Avere inoculated, actiA’ely growing shoots of 12 Avhite daisy
plants were inoculatetl by needle puncture from the same set of
cultures. About 120 needle pricks were made and the inoculation
was done Avith great thoroughness, but no tumors developed (five
months). Bactenum tumefaciens would have produced visible
results on the same plants in five to seven days and large tumors in
two months.

* ”

The above-mentioned sets of inoculations were made in 1907.
Karher in the cour.se of experimentation numerous attemjits were
made to inoculate the olive di.sease into ash trees of several sjiecies,
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privet, and other plants more or less closely related to the olive, but
none of the experiments were successful. I still believe it might

'

perhaps be inoculated into Frarinus ornus, my ex})eriments with
this species being limited in number and cut short bj-^ an accident.

Certain slight swellings were visible at the time the plants were
destroyed, but the results were not assured. SchifT-Giorgini states

that the disease does not occur on the wild olive.

SCHIFF’S ORGANISM A POTATO BACILLUS.

SchifTs organism is Bacillus I'ulgatus (Fliigge) Migula or some
closely related form, possibly a form near Bacillus pseudanlliracis

Kruse. This will become evident from the following considerations.

SCHIFF'S OWN STATEMENTS.

The jirincipal statements of SchifT respecting the morphology and

cultural characters of his organism are condensed as follows from his

Italian paper, the starred sentences being ob.servations which the

writer has confirmeil, using the cultures receivcil from Kornauth:

The organism occurs in the form of long chains or tangled filaments

which are usually nonsporiferous, nonmotile, and on staining are seen

to be composed of short rods with square ends.* There are also

numerous short motile rods with rounded ends, and these in great

numbers change quickly into endospore-bearing bodies when grown

in culture media.* Transitions occur, the chains becoming shorter

and disapjiearing in old cultures.* Short rods .sometimes contain

minute irregular granules.* The.se rods are greenish transparent.*

In young cultures on agar, forms occur with and without polar

staining. The motile short rods with rounded ends when taken

from agar measure l.ti to 2.2 X 0.6 to O.S /<, or from young cultures

2.5 X 0.9 p. On sugar agar they measure 2 to 3 X 0.8 /L In broth

they are 2 to 3 X O.S u, or when in chains the segments are 1.8 to

2 X 0.7 //. The organism stains by Gram.* We have, therefore,

short rods, short chains, long chains, and pseudo filaments, the ends

rounded or truncate, and the elements motile or nonmotile depending

apparently on whether they are separate or fused into the filaments.*

In suitable meilia the endospores begin to form the first or second

day and finally become more abundant than the nonsporiferous rods.*

The sporangia arc short elliptical rods in which the endospore is borne

Centrally and fills nearly the whole body of the sporangium, the latter

being swollen slightly around the spore.* Rarely the spore is borne

at one end in a swollen portion. The sporangia measure 3X1-- /b

the endospores measure 1.6 X 1 M- The sporangia disappear by solu-

tion. The germination of the endospore is central, rarely polar.

The flagella are three to four times as long as the rods; they are peri-

trichiate aiid eight to ten in number.* They were stained by Gaur-

nier’s method. There is a thin capsule.
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On agar the growth is abundant, spreading, lobed, flat.* It is

glistening, smooth, becoming rugose, translucent, white to dirty-

yellow.

On glycerinated potato, growth is abundant, persistent, raised,

transparent, white to dirty yellow,* gelatinous.

On glycerin agar, a dry pulverulent surface.

On sugar agar a very rapid spreading growth visible in four to

eight hours, slime tenacious. Organism not much inclined to form

acids.*

In agar stabs growth best at the top.* Surface growth restricted,

lobed; no line of puncture.

Gelatin stab: Liquefaction funnel shaped, abundant at 20° C.*

Nutrient broth: Growth rapid, rim and pellicle present, the latter

wrinkled, clouding moderate, fluid turbid, browned, sediment granu-

lar pulverulent.* Broth cultures often contain long, tangled chains

recalling Aplanohacter anthracis.*

Milk is coagulated by a lab ferment and the extrusion of whey
begins in two days.* Curd is peptonized in four or five days.

Agar colonies: Growth rapid, surface colonies round to lobed.*

The organism has lived nine months on culture media.* It is a

strict aerobe.*

Tlie optimum temperature for growth is 34° to 35° C.* Slow growth

at 15° C. Grows well at 37° C.* Maximum temperature for growth

4l° C. The spores are not killed by fifteen minutes at 102° C.

There is a slight jiroduction of acid on starcliy media. Potato

starch is destroyed.*

From the results obtained by Scliiff we may assume the existence

of at least three enzymes: Lab, trypsin, diastase.*

ADDITIONAL OBSERVATIONS BY THE WRITER.

To the foregoing I can add the following from my own studies:

The granules in the short rods stain deeply with carbol-fuchsin,

becoming very pronounced. They are one to four or more in number.
Tile length of the filaments from peptonized beef bouillon may be
several hundred times their diameter and these long forms are not
motile. They stain uniformly and deeply with carbol-fuchsin.

Shorter filaments, however, were observed to be motile. The short
rods taken from potato cultures w'ere actively motile. I stained the
flagella by Pitfield’s method. They closely resemble the flagella of

Bacillus vulgatus.

Intricate criss-cross marks are sometimes present in surface growths
on agar. At other times thesurfaceis smooth or finely granular under
the lens. Copious wrinkling was readily obtained by adding cane
sugar to the agar.
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On glycerin agar a dry, white, rough, scaly growth was obtained.
Growth on this inediuni was very abundant in the thermostat at
31° C. (50 times as much as at 20° C.)

In agar stabs the surface growth was thin, white, finely granular
under the lens, finally spreading. A distinct stab growth appeared
and this was best at the top.

The surface colonies on gelatin develop rapidly and are circular. J

The margin is fimbriate, as in the case of Bacillus suhtilis, i. e.,

fringed with many parallel filaments. Next to this fringed portion
in colonies two days old is a finely granular portion consisting of

actively motile short rods. The center of the colony contains also
^

tangled chains. These colonies measured 5 to 10 mm. in diameter a

and the gelatin wius fluid e.xcejit at the margin of the colony. 1
Gelatin stab: Growth gray white, best at the top; licpiefaction S

rather rapid. It begins in about twenty-four hours at 24° C. and I
usually ends in five or six days. The tube of li(|uefaction is at first H
crateriform, becoming saccate. W
A jiellicle forms on the surface of milk. In litmus milk there was ft

some formation of alkali but no distinct development of acid. Theft
milk must therefore be coagulated by a lab ferment. In my hands
the .solution of the prwipitated curd wjus not as rapid as describedB
by SchifF. I

In Pctri-dish jioured jilates at 2.5° and3()°C. the growth of the sur-H
face colonies on + 15 agar is rapid. They are round, .soon becomingB
irregular, rhizoid

;
the lobes are often brancheil re])eatedly, as in theca.se

of Bacillus arouleac, if the agar is not too dry. The surface is smooth

or slightly roughened, gray white, edges entire, becoming variouslyH

lobate. Long, narrow crystals are sometimes fouml in agar cultures.H
On jiotato with 5 jier cent glycerin added, growth at first wasB

white or gray white, becoming isabella colored, growth abundant,®
spreailing, rhizoid, dull (shining under hand len.s) rugose with den.se^
angleworm-like folds.

Growth on common potato is similar, that is, a much wrinkled,®

rather ilrv looking, spreading surface layer develops quickly. This*"

soon thickens and the numerous worm-like fohls disappear, so that®

at the end of si.x or .seven days the surface pre.sents a smooth, thick,®

shiiung layer. The substratum meanwhile acquires a slight pinkish

tinge or red specks appear here and there. The starch in the potato

is destroyed ami growth continues for some weeks. The medium

remains neutral or with slight variations to either side of the litmus I

neutral jioint. The potato cylinders are softened; after six weeks

only traces of starch remain. i '

In Uschinsky’s solution the growth was copious but the rim wasj •

scanty. Xo growth was obtained in peptone water with 0.2 per centf
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malic acid. Xo growth was obtained in oxalic acid agar stab cul-

tures. Xo growth occurs in Cohn’s solution.

Xo gas formation was observed; organism not tested in fermenta-

'tion tubes.

Peptone water with dextrose becomes dark brown. A nutrient

mineral solution (nitrogen-free media) with the addition of sodium

asparaginate and cane sugar became dark bro-ftm; organism also able

to take nitrogen from ammonium lactate, ammonium tartrate,

ammonium citrate, and ammonium phosphate. Organism does not

grow readily or copiously in distilled water containing only asparagin

or in Cohn’s solution with asparagin substituted for ammonium
tartrate.

Xutrient agar with addition of cane sugar acquires a reddish brown
stain; so does also Hunger’s sugar agar using either monopotassium

])hosphate or dipotassium phosphate. Plain agar did not stain.

Boiled white of egg appears to be acted upon slightly.

Growth in nutrient broth, glycerinated peptone water, Uschinsky’s

solution, Fermi’s solution, etc., is best at the top.

Xitrates are reduced. Xo indol in old peptone water cultures

could be detected with sodium nitrite and sulphuric acid.

The organism lives a long time on culture media. So far as I have
observed it is a strict aerobe: It grows feebly in bouillon under olive

oil (six days), and in shake-agar cultures buried as soon as solid under
another 10 c. c. of agar with olive oil on top, visible growth occurred

only in the upper 10 c. c. of agar, and the colonies were largest in the

upper strata of this agar (four to nine days).

In streak cultures on litmus agars the organism behaved as follows:

In each of 16 streak cultures on litmus agar there was a copious
growth in twenty-four hours, but in forty-eight hours no reddening
with plain agar, or the same with addition of lactose, galactose, mal-
tose, mannit, or gh'cerin. With dextrose and saccharose, however,
the litmus was feebly purpled, and this change was visible in twenty-
four hours. At the end of seven days the plain litmus agar and that
containing lactose and galactose were either slightly bluer or not
different from the check tubes. The others were purplish. These
litmus agars contained, respectively, dextrose, saccharose, maltose,
mannit, and glycerin. Xone were bright red, only purplish red, and
that not ver\" pronounced, although plainly different from the check
tubes. The litmus glycerin agar was reddened least, and this change
was not visible until after the fourth day. There was no reduction of
the litmus in any of the tubes (ten days). After seventeen and thirty
days the litmus was reduced in tubes with glycerin. In addition to
the carbon compounds to be tested this agar contained only fdtered
river water and Witte's peptone. We may therefore concfude that
the organism is only a .slight jiroducer of acids.
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When taken from ven' young Ijoiiillon cultures made from similar
cultures, i. e., in such a way as to obtain spore-free material, the
organism is readily killed by drjTng. Cloudy bouillon from sucli

tubes when spread on glass cover slips and preserv^ed in ordinary'
covered Petri dishes for from five to nine days in a closet at room
temperatures failed to cloud tubes of bouillon when thrown into them.

That part of Scliiff-Giorgini’s paper distinguishing two distinct

forms of olive tubercle—the primary', due to external infection, and
the metastatic or secondary, developing from within—is well worked
out and marks a distinct advance in plant jiatholog}'.

THE DISEASE IN THE FIELD.

It has been obser\'ed over and over again in Italy and elsewhere that

rich .soil, hea\y manuring, and excessive use of water favor the spread'
j

of this organism, bj' producing a gnuit quantity of juicy tissues suit-
|

able for infection. This is also tnie of pear blight. Some varieties I

of olives seem to he mon> subject than others. VerA' sensitive ones !

should be discarded.

Ohl tubercles are often eaten by various insects, and it is possible'!

that some insect carrier plays a part in the distribution of this disease.
|

This can he determined only by a prolonged inA’estigation of field con-’

di lions supplemented by laboratorA* studies.

The skillful use of the pruning knife offers some hope. Specially

knives should be jirovided for the pnming of diseased trees, or else alii
j

the knives should be disinfected after each tree is gone over. In>j

])runing it should be remembered that in some instances the organisnii |!

may occur in the interior of the stem, .some distance below the tubercle.^
j

It is wise, therefore, ti) cut .several inches beloAV visible signs. A dab'

of disinfectant on the cut surfaces, if they are not too numerous, is^

also to be recommended.

Of germicidal sprays, two may be recommended for trial on a small-

scale at first, i. e., until it is known definitely whether or not the foliage

of the olive will be injured by them. These substances are Bordeaux

mi.xture and the self-boiled lime-sulphur mixture recently deA’ised by

Scott for the treatment of peach diseases." If the oliA'e tree Avill bear

either of these germicides, then thorough tests for the control of the

disease should be made by giA'ing a half dozen sprayings in the actively

growing part of the season.

“ .See Circular No. 1, Bureau of Plant liidustrj', 1908.
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